garden crops in wetlands. Creating credit facilities would increase the labour resource and 48 allow farmers to hire labour, further contributing to wetland use. We discuss the relevance of 49 a systemic farm analysis that enables distinguishing family and individual fields for 50 understanding farm uptake of rice and market garden crops in wetlands. 51 the whole family works as a team and the farm head decides on crops, management 85 sequences (Sebillotte, 1974) and profit distribution among the farm family members. 86
Individual fields are granted by the farm head to a family worker for individual use and profit. OUTPUTS dividing productive resources (e.g., land, family labour, cash for purchasing chemical inputs 97 and hiring labour) and profit (in the form of food or cash) within farms. This division may be 98 shaped by cooperation and conflict among family farm members (Caretta and Börjeson, 99 2014; Doss, 2013; Himmelweit et al., 2013) . In this study we address resource division 100 between family fields and individual fields as one of the factors defining farm resource-use 101 strategies (all-for-one versus each-for-himself resource-use strategies). Understanding the 102 diversity in strategies is expected to help generating and identifying meaningful field and farm 103 level options to increase food crop production and improve farmer livelihoods (Cortez-Arriola 104 et al., 2015; Tittonell et al., 2010) . Targeting of such interventions has thus far not considered 105 resource division between family fields and individual fields. Little is known about the ways in 106 which resources are divided between family fields and individual fields. Much less is known 107 about how this resource division affects the spatio-temporal aspects of the farm production 108 system, in particular the uptake of cropping in wetlands as compared to uplands. In relation 109 to unlocking the potential of wetlands, this lack of knowledge hampers meaningful proposals 110 on alternative farm systems as changing the existing division of resources may conflict with 111 socially embedded allocation patterns. 112
Our objective was to investigate the different ways in which resources are divided 113 between family fields and individual fields and the resulting uptake of cropping in wetlands for 114 different farm types, as the first step towards suggestions for enhancing rice production and 115 market gardening in wetlands. We studied farms in two case-study villages in Benin with 116 contrasting agro-ecological and socio-economic conditions: Zonmon in the southern part and 117
Pelebina in the north-western part. To our knowledge, this is the first report that uses farm 118 typologies to establish the relation between management systems and resulting production 119 systems. 120 121 1 http://www.impetus.uni-koeln.de/en/project.html 2 http://ongoing-research.cgiar.org/factsheets/realizing-the-agricultural-potential-of-inland-valley-lowlands-insub-saharan-africa-while-maintaining-their-environmental-services-rap-project/ 3 https://smartiv.wordpress.com/about/ Social maps (Rim and Rouse, 2002) were drawn for each village with the help of 148 village authorities to visualize where farm heads were living and to determine the total 149 number of farms in each village. A random sample of 51 out of 134 (38%) farms from 150
Zonmon and 50 out of 146 (34%) farms from Pelebina were surveyed. 151
In each sampled farm, semi-structured interviews with the farm head were used to 152 gather information on the family structure and labour availability as well as to identify the 153 management units and to locate sets of fields associated to each management unit. Family 154 workers handling individual fields were interviewed to cross-validate farm head's information. Fields of each farm were mapped with GPS. Information collected on a field-by-field 163 basis included land use; production orientation, i.e., food crop production or cash crop 164 production (a field was considered under food crops when more than a half of its harvest was 165 intended for self-consumption); cash spent on chemical inputs, i.e., herbicides, insecticides 166 and fertilizers in the local currency (FCFA; 655.957 FCFA = 1 €); cash spent on hiring 167 workforce (FCFA); land ownership; and major landscape unit, i.e., upland or wetland. Fields 168 were classified as belonging to wetlands when their manager assessed that they were 169 suitable for wetland rice or dry-season market garden crops. 170
Farm types were ranked based on resource endowment described by land and labour 171 assets; material assets; livestock assets; and cash available for purchasing chemical inputs 172 and hiring labour. Amounts of cash credits provided by extension services for rice and cotton 173 cultivation in Zonmon, and in Pelebina, respectively were not taken into account to bring out 174 a farm's own cash endowment. Type x farms were classified as better endowed than Type y 175 farms when (i) at least one indicator was larger for Type x farms than for Type y farms and 176 (ii) the other indicators were similar for both farm types. 177
Food self-sufficiency was assessed by asking the farm head for the number of 178 months during which farm members could satisfy their food needs from their own production 179 over the study year. Kruskal-Wallis test was used to test for differences among farm types. When significant 198 differences were found, Dunn tests were performed using Bonferroni as p-value adjustment 199 method and a significance probability limit of 0.05. Outlier farms were included in the PCA 200 and the Ward's minimum variance clustering as they account for farm diversity in villages but 201 they were disregarded when testing for differences among farm types. 202 with regard to the key variables, except for the area farmed in family fields in uplands ( Table  218 3). In Zonmon, farms corresponded mostly to nuclear households, i.e., a husband (the 231 farm head), his wife or wives, and his children. In 20% of farms (10 out of 50 farms), the 232 parents of the husband or collateral relatives added to the nuclear household. In the 50 233 farms, 49 individual workers (corresponding to 49 individual management units) were given 234 at least one field to manage. Individual workers were mostly the farm head's wife or wives 235 (Table 4) . 236 
240
Type A farms were the least endowed farms (Table 5 ). They were self-sufficient for 8-241
9 months year -1 like Type B and Type C farms. They corresponded mostly to monogamous 242 households or to the female-headed households (Table 4) , which were widow-headed 243 households. They were small households with few family members both supported by the 244 farm and working in the farm (Table 3 ). In most of these farms, family workers worked 245 together in all fields under the farm head's supervision, i.e., there was only the family 246 management unit in the farm. The farm head focused his or her agricultural activities on 247 uplands. The ratio of the area farmed in wetlands to the total area farmed was 0.14. These 248 farms used few chemical inputs irrespective of upland or wetland. Their expenditure on hired 249 workforce in family fields in uplands was similar to other farm types. 250 251 252 Type B farms were moderately endowed farms (Table 5 ). They were polygamous 257 households: the median number of wives in Type B farms exceeded those in Type A and 258
Type C farms, i.e., 2 wives compared to 1 (p < 0.05). A large number of family members 259 were both supported by the farm and working in the farm (Table 3) . Farm activities were 260 focused on uplands like in Type A farms. In Type B farms however, at least one individual 261 management unit was found and in 11 out of 12 Type B farms two to three individual 262 management units were found. Food crops were produced in uplands both by the farm head 263 and by individual female workers. Cash crops were produced in uplands and wetlands by 264 individual female workers only. Major cash crops included groundnut in uplands and market 265 garden crops in wetlands. Individual female workers spent large amounts of money on hiring 266 workforce compared to other farm types, both in uplands and wetlands. Finally, individual 267 female workers contributed substantially to agricultural production and the ratio of the area 268 farmed in individual fields to the total area farmed was larger than in other farm types. 269
Type C farms were the best endowed farms (Table 5 ). They were large households 270 with family members both supported by the farm and working in the farm, similar to Type B 271 farms (Table 3) . Farm activities were spread between uplands and wetlands. The area 272 farmed in wetlands accounted for slightly more than half of the total area farmed. The farm 273 head managed large rice fields in wetlands with high levels of chemical input and external 274 labour. In 6 out of 7 Type C farms, 1 to 2 individual management units were found. Unlike 275 Type B farms, however, food crops were produced in uplands mostly by the farm head and Figure 4A ). Farms were 287 grouped into five types (the sixth and the seventh type were disregarded as they only 288 included farm 124 and farms 8 and 6, respectively; Figure 4B ). Results of Kruskal Wallis 289 tests indicated that the five farm types differed significantly with regard to the key variables 290 (Table 6) . his parents, brothers, in-laws if brothers or sons were married, grandchildren, nephews or 306 nieces). In the 47 farms, 76 individual family workers (corresponding to 76 individual 307 sons or the farm head's wife or wives (Table 4) . 309
Type A farms were the least endowed farms (Table 7) . They achieved year-round 310 food self-sufficiency like the other farm types. They were small households with relatively few 311 family members both supported by the farm and working in the farm (Table 6 ). In most of 312 these farms, family workers worked together in all fields under the farm head's supervision, 313
i.e., there was only the family management unit in the farm. The farm head focused his 314 agricultural activities on uplands. The ratio of the area farmed in wetlands to the total area 315 farmed was 0.02 with no differences among farm types. These farms used few chemical 316 inputs. 317 318 Type B farms were better endowed than Type A farms but less endowed than Type 323 C, Type D, and Type E farms (Table 7) . They were medium-size households with an 324 intermediate number of family members both supported by the farm and working in the farm 325 (Table 6 ). Like in Type A farms, farm activities were focused on uplands. Upland fields under 326 food crops included noudosse yam fields (an early variety planted on large and high mounds) 327 like in other farm types but also large assina yam fields (a late variety planted on small 328 uplands was large and did not differ strongly from that of Type E farms (see below). The 330 number of management units, the area farmed in individual fields as well as the ratio of the 331 area farmed in individual fields to the total area farmed were intermediate compared to other 332 farm types. Individual family workers who were granted fields mainly grew cash crops in 333 uplands. These farms used few chemical inputs. 334
Type C farms were moderately endowed farms (Table 7) consisting of medium-size 335 households ( Table 6 ). The number of family members supported by the farm was similar to 336 Type B farms. The number of family members working in the farm, however, was larger than 337 in Type B farms and similar to Type D and Type E farms. Farm activities were focused on 338 uplands. The number of management units was large and similar to Type E farms. The area 339 farmed in individual fields as well as the ratio of the area farmed in individual fields to the 340 total area farmed were large and similar to Type D farms. Individual family workers mostly 341 grew cash crops in uplands, in particular soya. They also grew cash crops in wetlands, in 342 particular dry-season market garden crops. Chemical inputs were allocated to family fields in 343 uplands and used moderately compared to other farm types. 344
Type D farms were moderately endowed farms (Table 7) . They were medium-size 345 households similar to Type C farms, i.e., with an intermediate number of family members 346 supported by the farm and a large number of family members working in the farm (Table 6) . with a large number of family members both supported by the farm and working in the farm 358 (Table 6) 
Cultivation of traditional upland crops in wetlands 385 386
In Zonmon, we found the traditional wetland crops, dry-season rice and market 387 garden crops on 85% of the area farmed in wetlands. In Pelebina, however, we found 388 traditional upland food crops on 65% of the area farmed in wetlands. In Pelebina, wetlands 389 were used to extend the time period during which 'upland' food crops could be grown. This 390 particular function was used equally by farm heads of all farm types: no difference was found 391 in the area under food crops in family fields in wetlands among farm types. Major food crops 392 grown in wetlands by farm heads included noudosse yam, maize and cassava (44%, 17% 393 and 11% of the area farmed in family fields in wetlands, respectively). These crops were 394 preferably cultivated in uplands (77% of noudosse fields, 87% of maize fields and 86% of 395 cassava fields were located in uplands). To maximize the area under food crops and in case 396 of delay in completing farming operations during the rainy season, these crops were also 397 cultivated in wetlands, on the border to uplands so that flooding risks were limited. Noudosse 398 yams were planted on large and high mounds and mounding with a hoe required moist soil. If 399 mounding on upland soils was delayed to after the end of the rainy season, soils were too 400 dry and therefore too hard for mounding. Wetland upper fringes then were used by farmers 401 under labour and time pressure. Cassava was transplanted most of the time on noudosse 402 yam mounds, just before yam harvest to avoid an additional mounding. Therefore, if 403 noudosse yam was planted in wetlands, the following crop in the cropping sequence, i.e., 404 cassava was transplanted in wetlands. If farmers were not able to sow maize in a timely 405 manner in uplands, it was also sown in wetlands. In that way maize was provided with 406 enough water during its cycle though at the risk of flooding before the harvest. 407 408
Labour allocation strategies and the uptake of rice and market garden crops in wetlands 409 410
We found larger rice and market garden crop areas in wetlands in better-endowed 411 farm types comprising individual management units than in least-endowed farm types 412 comprising only the family management unit. Among the well-endowed farm types, we found 413 different strategies to divide resources between family fields and individual fields. In some 414 well-endowed farm types, large family fields coexisted with small individual fields while in 415 others, small family fields coexisted with large individual fields. Except in Type C farms in 416
Zonmon, wetland areas were only cultivated with market garden crops during the dry season 417 when the labour demand on upland fields was low (Figure 2) . 418
In Zonmon, the largest areas in wetlands were found in Type C farms, which were the 419 best endowed in labour (Table 8 ). In Type A farms, labour resources were all allocated to 420 family fields. The small number of family workers and the small amount of hired labour were 421 mainly allocated to upland fields with only small areas of dry-season market garden crops in A major strategy distinguishing Type C farms from Type A and Type B farms was the 432 adoption of rice on family fields in wetlands. In Type C farms, farming operations on rice 433 fields added to the labour demand for farming operations on maize and legumes family fields 434 in uplands during the rainy season ( Figure 2) . The large number of family workers in the 435 times more cash on hiring labour per hectare of rice fields than the credit provided by the 437 agricultural services for hiring labour (313,251 FCFA ha -1 and 206,000 FCFA ha -1 , 438 respectively). Apparently farm heads were able to produce the extra required cash from their 439 own resources. Priority given to family fields during the rainy season and fewer hired labour 440 resources allocated to individual fields led to smaller individual fields in uplands compared to 441 Type B farms but still allowed cultivating small areas with market garden crops in wetlands 442 during the dry season. Finally, these small areas under market garden crops in individual 443 fields added to the large areas under rice in family fields (Table 8) . 444
In Pelebina, larger market garden crop areas in wetlands were found in Type C, Type 445 D, and Type E farms, which were the best endowed in labour (Table 9 ). In Type A farms, We investigated the different ways in which resources are divided between family 472 fields and individual fields in uplands and wetlands among farm types to understand 473 differences in the uptake of rice and market garden crops in wetlands. We found larger rice 474 and market garden crop areas in wetlands in better-endowed farm types than in least-475 endowed farm types. Among the well-endowed farm types, we found different strategies to 476 divide resources between family fields and individual fields. In most farm types, farm heads 477 and individual family workers gave priority to upland areas and opted for cultivating market 478 garden crops in wetlands during the dry season when labour demand for upland fields was 479 low. In order to provide suggestions to enhance farm expansion to wetlands for rice 480 production and market gardening, we discuss the different strategies to divide labour 481 between family fields and individual fields on the one hand, and between upland and wetland 482 areas on the other hand. We end by some considerations on the methods we used for 483 understanding farm uptake of rice and market garden crops in wetlands. 484
Balancing labour between family fields and individual fields 486 487
We found several management units and greater numbers of family workers in the 488 well-endowed farm types ( Figure 5 ). Drawing on publications on family farms but also on 489 cooperatives and feudal-like farms, and Guirkinger & Platteau (2015, 490 2014) indicated that the awarding of individual fields within family farms is a strategy to avoid 491 potential conflicts among family members and therefore to enhance commitment to family 492 fields. These authors argued that contrary to individual production on individual fields, 493 collective production on family fields is plagued by free-riding, which increases with the size 494 of the workforce. They thus considered larger size of the workforce a key determinant of the 495 existence of individual fields within farms. Individual fields allow workers to be rewarded in 496
proportion to their labour (in terms of working hours and efficiency) contrary to family fields 497 on which proportional rewards would be socially and operationally not likely (Guirkinger et al., 498 2015) . In our context where land was not limiting, a larger number of family workers allowed 507 increasing the total area farmed. At the same time, a larger number of family workers was 508 associated with a larger number of management units. The increase in the total area farmed, 509 however, was not shared equally between family fields and individual fields. We found 510 different strategies to divide labour: in some farm types, large family fields coexisted with 511 small individual fields while in the others, small family fields coexisted with large individual 512 fields. These different labour division strategies between family fields and individual fields 513 reflected different food and cash division strategies. 514
Large ratios of the area farmed in individual fields to the total area farmed were found 515 in Type B farms in Zonmon and in Types C and Type D farms in Pelebina ( Figure 5 ). Type B 516 farms in Zonmon were polygamous households, unlike Type C farms. This more complex 517 composition of the workforce may have increased the probability of conflicts compared to 518 Type C farms. According to Guirkinger & Platteau (2014) , in farms including several married 519 couples, in-laws with more children may feel discriminated and in-laws with fewer children 520 may feel exploited. We argue that the same reasoning holds for polygamous households. 521 This is shown by Type B farms in Zonmon, where cash crops were produced by wives in 522 individual fields only, and food crops were produced both by the farm head in family fields 523 and by each of his wives in individual fields. In Type C and Type D farms in Pelebina, no 524 such complex compositions of the workforce were found. In all farm types food crop 525 production was ensured by the farm head in family fields, so that labour division strategies 526 reflected cash division strategies. Larger ratios in the area farmed in individual fields to the 527 total area farmed in Type C and Type D farms compared to Type B and Type E farms may 528 be explained by (i) conflicting choices for cash crop or cash division between the farm head 529 and individual workers (Foster and Rosenzweig, 2002) ; and/or (ii) differences in the balance 530 between workers and non-workers. High proportions of workers in Type C and Type D farms 531 may have allowed increasing individual profit relatively to family profit without being 532 detrimental to the rest of the family needs for cash. and Type B farms to 53% for Type C farms in Zonmon and was 6% across the farm sample 542 in Pelebina, with no difference among farm types (Tables 3 and 6 ). We suggest two reasons 543 for the importance given to upland areas by farm heads and individual family workers: food 544 self-sufficiency objectives and labour productivity. 545
Farm food self-sufficiency relied on maize and cassava in Zonmon, and on yam, 546 maize and sorghum in Pelebina, all upland crops. Wetland rice and market garden crops 547 were grown as cash crops to meet the local urban demand as suggested for West African 548 countries (Bricas et al., 2016; Erenstein et al., 2006) . Food self-sufficiency was independent 549 of resource endowment in both villages: it existed for 8-9 months year -1 for all farm types in 550
Zonmon and was achieved year-round for all farm types in Pelebina (Table 5 and 7) . After 551 achieving these levels of food self-sufficiency, remaining land, family labour and capital 552 resources could be invested in cash crop areas, among which market garden crops and rice 553 areas in wetlands. In Pelebina, wetlands were mainly used to grow traditional upland food 554 crops. Thus, land use appeared strongly motivated by food self-sufficiency objectives, and 555 led to prioritisation of upland over wetland areas. 556
A second reason to prioritise labour allocation in upland over wetland areas is the 557 reward for labour. The biophysical characteristics of wetlands (availability of water, 558 availability of soil moisture, soil fertility) imply large yields but also large labour requirements 559 for soil preparation, intensive weeding, application of fertilizers, and water control 560 (Balasubramanian et al., 2007; Selim, 2012) . In case-studies from 561 productivity was larger in wetlands than in uplands but labour productivity was higher in 563 uplands. In the case-study context of labour scarcity rather than land scarcity, farmers may 564 have tended to maximize labour productivity and hence gave priority to upland areas. 565 Boserupian view. Our results indicate that a lack of upland areas is not a necessary condition 574 for the expansion to wetlands. The proximity to urban markets may be a necessary condition 575 (Erenstein et al., 2006) , but not a sufficient condition for farms to expand rice and market 576 garden crop areas. We showed that in our case-study context where land was not limiting 577 both in uplands and in wetlands and urban markets were relatively close, farms expanded to 578 wetlands provided they were better-endowed in labour, including family and hired labour. 579
More specifically, the extent of rice and market garden crop areas was constrained by the 580 amount of labour available after the requirements for family food crops had been met. 581
Increasing the amount of labour resources allocated to cash crops would require 582 increasing the labour productivity of food crops. Increasing the labour productivity of food 583 crops could be achieved (i) by focusing on yield-increasing alternatives that do not demand 584 more labour, which would allow reducing the area under food crops and thus the total labour 585 demand for food crop production; (ii) by focusing on labour-saving alternatives that do not 586 decrease yield, which would allow reducing the total labour demand for food crop production 587 while keeping the area under food crops constant; or (iii) by integrating both yield-increasing 588 and labour-saving alternatives. 589 increasing current labour productivity to reach levels of at least that of upland cash crops, 591
i.e., groundnut in Zonmon and cotton, soya, and groundnut in Pelebina. Feasible yield-592 increasing and labour-saving alternatives may be found among best local management 593 practices, research knowledge on agronomic management, and/or affordable technologies 594 (Ragasa et al., 2013; Johnson, 2009, 2013; Tittonell and Giller, 2013) . 595
Another approach would consist of improving farm labour endowment, which could be 596 achieved by (i) developing off-farm opportunities allowing a positive balance between losses 597 of family labour allocated to agricultural production and gains in cash for hiring labour 598 (Babatunde and Qaim, 2010); (ii) developing or adjusting existing credits for hiring labour. In 599
Zonmon, the implementation of credits for hiring labour on rice fields during our study 600 appeared to be successful to increase rice areas at least for the best-endowed Type C 601 farms. Rice areas have tripled since the period 2010-2012 to reach around 30 ha during the 602 study period, allowing the best-endowed Type C farms to diversify their cash crops and cope 603 with climatic uncertainty (Totin et al., 2015) . Differences in labour endowment between Type 604 B and Type C farms were related to differences in cash available for hiring labour on rice 605 family fields. Therefore, increasing the amount of credit for hiring labour to cover the 606 expenses of Type C farms on their rice family fields may allow wives in Type B farms to 607 adopt rice in their individual fields. Assuming that all Type B farms would have cash available 608 for hiring labour similar to Type C farms and would increase their rice areas to the average 609 level of Type C farms, the additional rice area in the village would be 24 ha (+80%). 610
Triggering rice adoption in Type A farms would require compensating for the difference in 611 family labour endowment with Type B and Type C farms. 612
Development policies could draw on successful examples and integrate labour 613
productivity-increasing and farm endowment-improving approaches. In Mali, credits for small-614 scale mechanisation and chemical inputs through cotton cultivation revolutionised agrarian 615 and farm systems by improving both the labour productivity of maize, i.e., a major food crop, 616 and that of cotton, i.e., the targeted cash crop (Dufumier and Bainville, 2006) . 617 provided food shared by the family. When objectives of food self-sufficiency were achieved, 675 remaining family and hired labour was allocated to cash crop production. The number of 676 family workers was positively associated with the number of management units. Land was 677 not a constraint in the case studies, and the choice of farm heads or individual family workers 678 between upland crops and wetland crops was most likely driven by their comparative labour 679 productivity. In wetlands, the choice between rice and market garden crops was apparently 680 driven by the competition for labour needed for upland crops. Most farm types opted for 681 cultivating market garden crops in wetlands during the dry season when labour demand for 682 upland fields was low. 683
The results indicate that farm resource use is a critical and often missing factor to 684 explain the lack of uptake of rice and market garden crops in wetlands. Labour shortages in 685 our case studies kept farms from exploiting wetland resources for rice production and market 686 gardening. Unlocking the potential of the wetlands can proceed by increasing labour 687 productivity as well as by increasing labour availability. Increasing labour productivity in food 688 crops and in rice and market garden crops would result in more wetland use. Options to do 689 so include improving crop agronomy as well as reducing labour input by affordable 690 technology. Options locally available at field level will be addressed in a next paper. Creating 691 credit facilities would allow farmers to hire labour. Finally, options to increase wetland use for 692 rice production and market gardening should target farm heads in conjunction with individual 693 workers to be responsive to socially embedded resource allocation patterns. 694
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